Using data from the Spitzer Space Telescope, we analyze the mid-infrared (3-70 µm) spectral energy distributions of dry merger candidates in the Boötes field of the NOAO Deep Wide-Field Survey. These candidates were selected by previous authors to be luminous, red, early-type galaxies with morphological evidence of recent tidal interactions. We find that a significant fraction of these candidates exhibit 8 and 24 µm excesses compared to expectations for old stellar populations. We estimate that a quarter of dry merger candidates have mid-infrared-derived star formation rates greater than ∼1 M ⊙ yr −1 . This represents a "frosting" on top of a large old stellar population, and has been seen in previous studies of elliptical galaxies. Further, the dry merger candidates include a higher fraction of starforming galaxies relative to a control sample without tidal features. We therefore conclude that the star formation in these massive ellipticals is likely triggered by merger activity. Our data suggest that the mergers responsible for the observed tidal features were not completely dry, and may be minor mergers involving a gas-rich dwarf galaxy.
INTRODUCTION
In hierarchical models of galaxy formation, massive galaxies form via mergers of smaller galaxies. Thus, the most massive galaxies, which tend to be ellipticals, should have formed most recently (z < 1; e.g. White & Frenk 1991; Cole et al. 2000) . In seeming contrast with this picture, studies of the stellar populations and scaling relations in samples of elliptical galaxies imply that the bulk of their stars formed significantly earlier, at z > ∼ 2 (e.g. Djorgovski & Davis 1987; Bower et al. 1992; Bender et al. 1993; Kuntschner 2000; Eisenhardt et al. 2008 ). This discrepancy can be resolved if massive ellipticals form via dissipationless mergers of red, bulge-dominated galaxies at low redshift. These mergers would involve little to no gas, and are colloquially referred to as "dry" mergers.
Hierarchical scenarios in which a significant fraction of massive elliptical galaxies formed via dry mergers have been presented in a number of theoretical works (e.g. Kauffmann & Haehnelt 2000; Khochfar & Burkert 2003; Khochfar & Silk 2009; De Lucia & Blaizot 2007) . The observational evidence is mixed, with both supporting (e.g. van Dokkum et al. 1999; Bell et al. 2004 Bell et al. , 2005 Bell et al. , 2006 van Dokkum 2005; Tran et al. 2005; Brown et al. 2008 ) and contradictory (Cimatti et al. 2006; Scarlata et al. 2007; Donovan et al. 2007 ) studies.
In this paper, we focus on the study of van Dokkum (2005) (hereafter vD05), who analyzed the frequency of tidal distortions among an optically-selected sample of nearby (z ≈ 0.1) bright red galaxies. He found that 53% of the entire color-selected sample shows morphological evidence of tidal interactions. Further, this ratio rises to 71% when considering only the bulge-dominated earlytype galaxies in the sample. vD05 concludes that the majority of today's most luminous field elliptical galaxies were assembled at low redshift through major dry mergers.
However, N-body simulations of binary galaxy mergers analyzed by Feldmann et al. (2008) show that the morphologies of the tidal features seen in the vD05 sample cannot be reproduced by major dry mergers. Instead, the observations are better explained by massive elliptical galaxies accreting much lower mass disk-dominated galaxies. They also find that tidal features arising from disk accretion events last significantly longer than major elliptical-elliptical dry mergers (1-2 Gyr compared to a few hundred million years). This pushes the primary epoch of elliptical mass assembly back to z > 1. These simulations do not include gas. However, if the mass of the accreted galaxy is small, and the lifetime of the tidal signatures is large, then Feldmann et al. (2008) estimate that any stars formed during the interaction could have reddened with age sufficiently to match the observed colors. In a complementary study, Kawata et al. (2006) use a cosmological N-body simulation including gas to show that a minor merger can result in a red elliptical galaxy displaying red tidal features, similar to some of the objects selected by vD05, if AGN heating is taken into account.
If the Feldmann et al. (2008) and Kawata et al. (2006) scenarios are correct, and the vD05 red galaxy tidal features are due to the accretion of a low mass, possibly disk-dominated galaxy, then the accreted companion could contain a significant reservoir of gas, which should be accompanied by dust. Whitaker & van Dokkum (2008) analyze V 606 and I 814 HST/ACS and WFPC2 images of 31 of the bulge-dominated red sequence galaxies presented by vD05 and found that only 10% show evidence for dust based on their spatially-resolved colors. Assuming a simple relation between dust and gas mass, they conclude that red mergers in the nearby Universe mostly involve early-type galaxies with little gas.
In contrast, Donovan et al. (2007) examine 20 earlytype galaxies known to be associated with neutral hydrogen. Of these, 15 match the vD05 optical selection criteria. The majority have >10 8 M ⊙ of HI. In two cases, significant (up to 30−40 M ⊙ yr −1 ) star formation is detected. They conclude that red earlytype galaxies are not the product of truly dry mergers. Whitaker & van Dokkum (2008) argue that this sample is not representative of massive ellipticals. However, cold gas is observed in a large fraction of early-type galaxies in the nearby universe (Morganti et al. 2006; Combes et al. 2007 ).
The star formation activity within a subset of the vD05 sample was recently analyzed by Sánchez-Blázquez et al. (2009) (hereafter SB09) , who derived kinematics, stellar population absorption features, and ionization from emission lines. They find that half of the sample with strong tidal features contain young stellar populations corresponding to 2% of the baryonic mass of the galaxy, while a sample lacking interaction features does not contain detectable star formation. They also find that the galaxies containing young stellar populations are supported by rotation, which is unexpected in remnants of major dry mergers (Cox et al. 2006; Naab & Burkert 2003) .
Given these conflicting results regarding the gas content of optically selected dry mergers, we use data from the Spitzer Space Telescope to revisit the question of whether the specific red mergers identified by vD05 are truly dry. In §2 we describe our multiwavelength data. In §3 we present the spectral energy distributions (SEDs) of a subsample of the vD05 galaxies and show that a significant fraction of the sources display mid-infrared excesses. After arguing that the origin of these excesses is most likely star formation ( §4), we estimate the implied star formation rates (SFRs) in §5, and discuss the contributions from AGN and AGB stars in §6 and §7. We then estimate the dust and gas content of these dry mergers in §8, discuss the results in §9, and conclude in §10. Throughout, we use H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7. All quoted magnitudes are in the Vega system.
THE SAMPLE AND SURVEY DATA
In this paper, we investigate the properties of the sample of red galaxies presented by vD05. Galaxies were selected by vD05 based on total R magnitude and B − R color. The selection was tuned to yield nonstellar field objects with the colors and magnitudes of L > L * earlytype galaxies at 0.05 < z < 0.2. The vD05 sample consists of 116 red galaxies selected from the optical imaging of the Boötes field of the NOAO Deep Wide-Field Survey (NDWFS; Jannuzi & Dey 1999), and 10 galaxies selected from the Multiwavelength Survey by Yale-Chile (MUSYC; Gawiser et al. 2006) . The relative numbers reflect the relative areas of the parent surveys. In this paper, we analyze the SEDs of the Boötes sample.
The Boötes field of the NDWFS has been observed with a variety of telescopes, at wavelengths ranging from the X-ray to the radio. The multiwavelength data sets used in this paper are the following.
Ground-based Optical Imaging: The 9.3 deg 2 Boötes field of the NDWFS has been imaged in the B W , R, I, and K bands down to 5σ point-source depths of ≈27. 1, 26.1, 25.4, and 19 .0 Vega mags, respectively 5 . These are the data used by vD05 to select 116 red galaxies. The optical photometry plotted in this paper was determined using the images of the third data release (DR3) of the NDWFS, smoothed to achieve a uniform 1.35 ′′ FWHM Moffat profile with a β parameter of 2.5. We used SExtractor AUTO magnitudes (Bertin & Arnouts 1996) .
Spitzer Rieke et al. 2004 ). The 1σ point-source depths of the MIPS survey are 0.051, 5, and 18 mJy at 24, 70, and 160 µm, respectively. The data were reduced by the MIPS GTO team. Only five of the 116 sources selected by vD05 from the optical imaging of the Boötes field lack MIPS coverage: 6-2707, 2-3102, 3-953, 4-567, 2-3070. All MIPS photometry quoted in this paper refers to the emission associated with the main galaxy. In some cases, we see 24 µm emission in the near vicinity of the galaxy even though it is not centrally located. This emission may be associated with the tidal arms and/or may be associated with the merger. This emission is not accounted for in our current discussion, but may represent additional star formation associated with the merger event. Examples include 2-368, 3-601, 4-1975, 11-1732, 13-3813, 16-584, 17-2819, 21-837, 25-3572, and 27-984 . Chandra X-ray Imaging: As part of the XBoötes survey, 9.3 deg 2 of the Boötes field has been imaged at a depth of 5 ks with ACIS-I on the Chandra X-ray Observatory (Murray et al. 2005; Kenter et al. 2005; Brand et al. 2006) . The limiting flux, corresponding to 4 or more Xray counts, is f (0.5−7keV) = 8.1 × 10 −15 erg cm −2 s −1 . The X-ray detections are discussed in §6.1.
SDSS Optical Spectroscopy: The Boötes field has also been observed as part of the Sloan Digital Sky Survey (SDSS; York et al. 2000; Gunn et al. 2006 Gunn et al. , 1998 . We searched the SDSS DR7 (Abazajian et al. 2009 ) database to find the optical spectra corresponding to our sources. Of the 116 Boötes sources, we found optical spectra for 106. Figure 1 shows their redshift distribution. The sources lie in the range 0.08 < z < 0.17, with a median redshift of < z >= 0.1.
Many measurements and physical properties have been derived from the SDSS spectra in a homogenous way and made public by a team of SDSS researchers at the Max-Planck Institute for Astronomy at Heidelberg and Johns Hopkins University. Although SDSS DR7 spectra are available, this value-added catalog is only complete through DR4 (Adelman-McCarthy et al. 2006 ) at the time of writing. Therefore, the reported optical SFRs, classifications, and stellar masses are measured from DR4 spectra 6 . Samples: Our sample of red ellipticals is drawn from the set of galaxies identified as red ellipticals in the Boötes field by vD05. We first selected all 75 galaxies identified as red ellipticals (i.e., classified "E/S0", but not "S0" or "S") by vD05. In addition to the simple morphological classification, vD05 also visually classified galaxies into "tidal" classes, which take on four integer values (0 to 3) based on the following criteria: 0 for no tidal features; 1 for weak tidal features; 2 for strong tidal features; and 3 for evidence of an ongoing interaction with a neighboring galaxy. While the tidal class assigned to a galaxy is subjective and dependent on the depth of the imaging data available, it serves as a simple diagnostic to discriminate undisturbed ellipticals (i.e., those with tidal=0) from those which show some evidence of recent interaction (i.e., those with tidal>0). Of the sample of 75 ellipticals in the vD05 study, 21 are undisturbed (tidal=0) and 54 are dry merger candidates (tidal>0). Figure 1 shows the redshift distribution of the two samples. The redshift distributions are similar and suggest that the samples can be compared fairly. Table 1 lists the properties of the 54 dry merger candidates (tidal>0).
OBSERVED MID-INFRARED EXCESSES AMONG DRY MERGER CANDIDATES
Using the multiwavelength survey data described in §2, we present the spectral energy distributions (SEDs) of the 54 Boötes dry merger candidates listed in Table 1 . Figure 2 shows the subset of 22 (41%) that were detected at 24 µm, while Figure 3 shows the remaining 32 (59%), which were undetected at 24 µm. Although a significant fraction of Boötes dry mergers were undetected in our 24 µm survey, all were detected at 8 µm.
Stellar population synthesis models computed using the isochrone synthesis code of Bruzual & Charlot (2003) (hereafter BC03) were fit to the optical (B W RIK) and near-infrared (IRAC 3.6, 4.5, 5.8 µm) photometry for each object in Figures 2 and 3 . The models include three different metallicities (0.008, 0.004, 0.02); have exponentially decreasing star formation rates with τ = 0.1, 0.3, 1, 2, 3, 5, 10, 15, 30; and use a Chabrier IMF. They do not include extinction. While the best-fitting BC03 models are good representations of the optical and near-infrared data, the photometry at longer wavelengths (IRAC 8 µm, MIPS 24 µm and, in three cases, MIPS 70 µm) varies significantly with respect to this model. For example, Figures 2 and 3 show that the observed 24 µm flux density ranges from being consistent with an old stellar population (e.g. to being over an order-of-magnitude in excess of it (e.g. 20-2395). Large 8 µm excesses are also obvious in several sources (e.g. 5-1271, 10-112, 17-2134) .
These excesses may be attributed to emission from some combination of 1) dusty star-forming regions; 2) dust heated by an active galactic nucleus (AGN); and 3) dust in the envelopes of stars on the Asymptotic Giant Branch (AGB). The strong 8 µm excesses apparent in some sources in Figure 2 imply polycyclic aromatic hydrocarbon (PAH) emission, which strongly suggests on-going star formation. In §4, we use this basic premise to argue that the observed mid-infrared excesses are dominated by dusty star formation. However, we also consider the potential AGN and AGB contributions in §6 and §7, respectively. In §8, we go on to estimate the dust and gas content of the dry merger candidates under the simplifying assumption that all of the mid-infrared excesses are due entirely to star formation. The SFRs used in Figures 2 through 4 all refer to values derived from the excess 24 µm emission, as described in §5.
ORIGIN OF THE OBSERVED MID-INFRARED EXCESSES
IRAC colors have been developed as a diagnostic to distinguish between star formation and AGN activity by several groups (Lacy et al. 2004; Sajina et al. 2005; Stern et al. 2005; Brand et al. 2006) . For star-forming galaxies at z ≈ 0.1, the first three IRAC channels sample the Rayleigh-Jeans side of the blackbody contributed by old (cool) stars, while the fourth IRAC channel samples the rest-frame 7.7 µm PAH feature. Thus, in starforming galaxies, the (Brand et al. 2009 ). Figure 4 shows an IRAC color-color diagnostic diagram with the Boötes dry merger candidates overplotted. The AGN wedge was determined by Stern et al. (2005) and was calibrated on optical spectroscopic diagnostics. We adopt the Brand et al. (2009) empiricallydetermined boundary between PAH (star-forming) and non-PAH (passive) emitting galaxies. Based on this color-color diagram, many of the vD05 Boötes dry merger candidates exhibit colors consistent with PAH-emitting star-forming galaxies or passive galaxies with low levels of star formation activity. Only one source (11-1732) lies near the AGN wedge in this diagram. The mid-infrared colors do not rule out the presence of AGN in these galaxies (see §6), but they do imply that the observed midinfrared excesses of the vast majority are dominated by star formation rather than AGN activity. Figures 2 and 3 show the rest-frame SEDs of the Boötes dry merger candidates, as well as the BC03 model fits to the B W RIK and IRAC channels 1-3 photometry. We estimate the infrared (8 − 1000 µm) luminosity of each source from the Chary & Elbaz (2001) model that best fits the single data point represented by the 24 µm excess (the observed 24 µm flux density minus the expected 24 µm flux density of the BC03 model). We find infrared luminosities in the range 1.2 × 10 9
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10 , corresponding to SFRs in the range 0. Kennicutt 1998 ). For those sources without 24 µm detections, we calculate upper limits to the infrared SFR. Given the typical redshift (z ≈ 0.1) of the sources and the depth of the MIPS imaging, we are able to detect SFRs greater than approximately 1 M ⊙ yr −1 . Of the total sample of 54 dry merger candidates, 22 have 24 µm detections. Of these, 12 have SFR≥1 M ⊙ yr −1 . In addition, we can rule out star formation rates greater than 1 M ⊙ yr −1 in all but two of the 32 dry merger candidates with only upper limits at 24 µm. Therefore, 12-14 out of 54 dry merger candidates (22-26%) have infrared-derived SFR≥1 M ⊙ yr −1 . The infrared-derived SFRs and limits are listed in the second column of Table 1 . We caution the reader that these star formation rates carry large (systematic) uncertainties, stemming from our lack of direct knowledge about the far-infrared SED, as well as scatter in the conversion between far-infrared luminosity and SFR. We also remind the reader that in several cases we have excluded 24 µm emission arising outside the main body of the galaxy and are therefore missing some of the star formation in these galaxies.
Spectroscopic SFRs
As described in §2, many of the Boötes dry merger candidates were spectroscopically observed as part of SDSS. Brinchmann et al. (2004) have estimated SFRs for galaxies based on SDSS DR4 spectra. First, the spectra were classified according to the BPT diagram (Baldwin et al. 1981; §6) . For galaxies classified as StarForming, Brinchmann et al. (2004) modeled all of the emission lines to determine the SFR. For Low SNR Star-Forming galaxies, the observed Hα luminosity was used to calculate the SFR. For the galaxies classified as AGN, Composite, or Unclassifiable, the measured values of D4000 were used to estimate SFRs. All SFRs were aperture corrected. The resulting SFRs are listed in Table 2 . The stellar mass estimates (LGM in the Brinchmann et al. (2004) catalog) are also presented in Table 2 .
SDSS-derived specific SFRs are available for 32 Boötes dry merger candidates classified as Star-Forming, Low SNR Star-Forming, AGN, Composite, or Unclassifiable. The values range from 6.2 × 10 −13 to 2.9 × 10 −11 yr −1 . Of these 32, most (81%) have specific SFRs less than 1×10 −11 yr −1 , making them typical of quiescent galaxies detected at 24 µm (Salim et al. 2009 ). However, 19% (5-1271 , 10-232, 11-1732 , 17-2134 , 22-2252 have specific SFRs exceeding 1 × 10 −11 yr −1 , making them transition objects between quiescent and star forming. All of these have significant 24 µm excesses, but all have SDSS-derived stellar masses that are completely consistent with those of the quiescent galaxies. Of the six transition objects, Table 1 reveals that three have weak tidal features (tidal = 1), one has strong tidal features (tidal = 2), and two show evidence of an ongoing interaction with another galaxy (tidal = 3). Based on this small sample, we conclude that dry merger candidates with high spectroscopically-derived specific SFRs show diversity in the strength of their tidal features. Figure 5 shows the SDSS-derived SFRs versus the MIPS-derived SFRs. The two are broadly correlated at a high level of significance according to the Spearman correlation coefficient (ρ = 0.73 when neglecting upper limits in the IR-derived SFRs). On average, the MIPS-derived SFRs are a factor of ≈1.4 higher than the SDSS-derived SFRs, a discrepancy which may be due to dust-obscuration.
AGN CONTENT OF DRY MERGER CANDIDATES
Having identified star formation as the dominant source of the mid-infrared excesses observed in Figure  2 , we now investigate the AGN content of the Boötes dry mergers. In particular, we consider X-ray luminosity and optical spectroscopic line ratios.
X-ray Luminosity
The X-ray luminosity of a dry merger candidate can indicate its level of AGN activity. The XBoötes survey has a limiting depth of f (0.5−7keV) = 8.1 × 10 −15 erg cm −2 s −1 . At z = 0.1, this corresponds to an X-ray luminosity of 2 × 10 41 erg s −1 . Grimm et al. (2003) find that the X-ray luminosity of a galaxy is related to its SFR through the following relation:
for L 2−10keV > ∼ 3 × 10 40 erg s −1 . This relation yields an X-ray derived SFR of ≈30 M ⊙ yr −1 at the detection limit of the XBoötes survey. This limiting SFR is a factor of ≈4 higher than the highest mid-infrared SFR derived for any of these sources (see §5), so any dry merger candidate detected in the XBoötes survey likely hosts an AGN.
Using the XBoötes catalog of Brand et al. (2006), we found X-ray detections for only 5 of the red galaxies: 1-1403, 5-901, 5-2398, 10-232, and 26-5372. Of these, only two (5-901 and 10-232) are dry merger candidates. The object 5-901 was not detected at 24 µm. In contrast, 10-232 has f ν (24µm) = 1.71 mJy, which translates to a fairly large SFR of 3.4 M ⊙ yr −1 . The X-ray luminosity calls into question whether the observed 24 µm excess for this source can be translated into a SFR, since AGN can also emit strongly at 24 µm. However, the SED shown in Figure 2 appears to have an elevated 8 µm flux density, presumably from strong PAH features, indicating that star formation dominates the mid-infrared flux density. The same conclusion can be drawn from Figure 4 , where 10-232 (indicated by a gold star within a black circle) is very near the "PAH" region and well removed from the "Powerful AGN" region.
While we detect two X-ray luminous AGN among the dry merger candidates, the mid-infrared emission of these sources does not appear to be strongly affected by the AGN. (Baldwin et al. 1981) . Brinchmann et al. (2004) use 3 ′′ diameter SDSS DR4 fiber spectroscopy to classify targeted galaxies into the following categories, which are numbered as in Table 2 .
Star-Forming (1): The objects with SNR > 3 in all four BPT lines that have line ratios consistent with star formation.
Low SNR Star-Forming (2): Galaxies with SNR > 2 in Hα that have not been classified as SF, AGN, or Composite.
Composite (3): The objects with SNR > 3 in all four BPT lines for which up to 40% of the Hα luminosity has an AGN origin.
AGN (4) Unclassifiable (-1): Those galaxies that cannot be classified using the BPT diagram, typically because they have no or very weak emission lines.
Of the 32 classified sources, four are classified as low SNR star-forming, 10 are classified as AGN, one is classified as Composite, and 17 are Unclassifiable. Recall that these classifications are based on 3 ′′ diameter fiber spectra. Thus, the Unclassifiable sample likely includes galaxies which do not have star formation in the central bulge but may have star formation in the disk. Similarly, while the optical emission lines indicate the presence of an AGN in some objects, this does not mean that the mid-infrared excess in these objects is dominated by AGN activity. The IRAC ratios presented in §5 and Figure 4 indicate that the objects with the largest mid-infrared excesses are dominated by star formation in the mid-infrared.
Recently, SB09 spectroscopically classified 24 of the galaxies listed in our Tables 1 and 2. Since they had insufficient wavelength coverage to use the same line diagnostics as Brinchmann et al. (2004) Table 2 . There are 12 objects for which both SDSS and SB09 classifications exist. Of these, six were listed by SB09 as "?", meaning there was insufficient wavelength coverage to measure enough lines for classification. Of the remainder, three (12-1734, 17-681, 22-790) were consistently classified as having no or very weak emission lines; 10-232 was consistently classified as an AGN, and only two (6-1676 and 11-1732) had inconsistent diagnoses (-1 versus Seyfert and 4 versus LINER).
AGB CONTRIBUTION TO MID-INFRARED EMISSION
In Figures 2 and 3 , we model an old stellar population with BC03 fits. However, such a stellar template may not accurately account for the mid-infrared emission from an old stellar population. Kelson & Holden (2010) recently showed that the large amount of near-infrared light expected from the thermally pulsating asymptotic giant branch (TP-AGB) phase (Maraston 2005; Bruzual 2009; Conroy et al. 2009 ), when coupled with the observed mid-infrared fluxes of TP-AGB stars in our own galaxy, imply that a significant amount of mid-infrared flux could come from a ∼1 Gyr old stellar population. This timescale is on the order of the time that a disk accretion event would have occurred according to Feldmann et al. (2008) and thus, some mid-infrared emission could come from the stars that formed at or around the time of the accretion event itself. To test this effect, we have obtained updated models (commonly referred to as CB07 models in the literature) which use the prescription of Marigo & Girardi (2007) and Marigo et al. (2008) for the TP-AGB evolution of low-and intermediate-mass stars (S. Charlot 2011, private communication). We find that the resulting infrared-derived SFRs are very similar, and identical in many cases. We therefore conclude that for this population, the contribution of TP-AGB stars to the mid-infrared flux is insignificant.
DUST AND GAS MASSES OF DRY MERGER
CANDIDATES
The red optical colors of the Boötes dry merger candidates can be modeled by an old stellar population. However, they could also be consistent with dust-extincted younger stars. The dust mass of a galaxy can be inferred from its measured submillimeter flux. Although submillimeter photometry is currently unavailable for these dry merger candidates, we can extrapolate based on the measured 24 µm flux densities. Based on Figure 4 , we assume that AGN do not contribute significantly to the far infrared fluxes of these objects. Therefore, we use the bestfit Chary & Elbaz (2001) template from §7 to estimate the 350 µm flux density of each source detected at 24 µm (or an upper limit in cases where 24 µm observations were available but there was no detection). We estimate the dust mass following Hughes et al. (1997) :
where d L is the luminosity distance; κ d is the restfrequency mass absorption coefficient interpolated from Draine (2003) ; and B(ν, T d ) is the value of the blackbody function at the rest frequency ν and a temperature T d , which is taken to be 45 K. Estimated dust masses are listed in Table 2 . The dust masses for the dry merger candidates detected at 24 µm range from (0.3-10) × 10 6 M ⊙ , with a mean of 3 × 10 6 M ⊙ . The dust mass upper limits for the dry merger candidates undetected at 24 µm range from (0.3-2) × 10 6 M ⊙ , with a mean of 1.6 × 10 6 M ⊙ . For the canonical gas-to-dust ratio of 100, these dust masses correspond to gas masses ranging from (3-100) × 10 7 M ⊙ for the dry merger candidates detected at 24 µm and upper limits ranging from (3-20) × 10 7 M ⊙ for the dry merger candidates undetected at 24 µm. Adopting a dust temperature of 30 K instead of 45 K would increase these estimates by a factor of two.
Our Spitzer observations reveal dust that went undetected in the HST analysis of Whitaker & van Dokkum (2008) . The 18 sources for which HST imaging is available are indicated in Table 1 . Of these, we detected a 24 µm excess in half: 9-360, 9-2105, 11-962, 16-1302, 17-681, 17-2134, 22-790, 22-2252, 27-3444 . Note that 17-2134 has a particularly large 24 µm excess, corresponding to a SFR of 7 M ⊙ yr −1 if all of it is attributed to star formation. Interestingly, Whitaker & van Dokkum (2008) find evidence for dust in 25-1980, which shows no mid-infrared excess. Thus it seems that both the optical and mid-infrared imaging are necessary for a full census of the dust content of this population. Figure 6 shows the gas-to-stellar mass ratio versus vD05 tidal parameter for the subset of the dry merger candidates for which we were able to calculate all quantities. For comparison, we show the cosmic mean, the Donovan et al. (2007) sample mean, and the Whitaker & van Dokkum (2008) upper envelope, all taken from Whitaker & van Dokkum (2008) . The measured gas-to-stellar mass ratios derived by Spitzer are intermediate between those derived for an overlapping sample by Whitaker & van Dokkum (2008) and those derived for an analogous sample of early-type galaxies with HI emission by Donovan et al. (2007) . All are significantly below the cosmic mean. Although our gas mass estimates are significantly higher than those calculated from optical images, we still find that gas makes up less than 1% of the baryonic mass in these ellipticals.
A caveat to Figure 6 are the uncertainties in calculating the gas masses. These errors arise from uncertainties in the extrapolation to the far-infrared, the dust temperatures, the mass absorption coefficient, and the gas-to-dust ratio. Considering only the last, we would have to adopt a gas-to-dust ratio of 10 to match the gasto-stellar mass ratios of Whitaker & van Dokkum (2008) and a gas-to-dust ratio of 250 to match to gas-to-stellar mass ratios of Donovan et al. (2007) .
DISCUSSION
We have detected >1 M ⊙ yr −1 of star formation in ≈25% of the massive dry merger candidates discovered by vD05 in Boötes. Given the mass already existing in old stars, this represents a "frosting" of star formation, similar to what has been seen in previous studies of elliptical galaxies (e.g. Trager et al. 2000; Gebhardt et al. 2003) . Kormendy et al. (2009) have argued that the cuspy cores observed in the most luminous ellipticals may result from the scouring caused by binary black holes in dry mergers. The higher redshift of our sample and the lack of sufficiently high spatial resolution data preclude a determination of the nature of the central light profile. However, the absolute magnitude limit on the vD05 sample is approximately 1.5 mags fainter than the cuspy cores observed by Kormendy et al. Based on the SED combined with a number of assumptions, we estimate that these ellipticals are associated with on the order of 10 8 M ⊙ in gas.
What is the origin of this gas? We favor a scenario in which gas was delivered to the dry merger candidates via a merger. The strongest evidence for this is that the residual star formation tends to be found in the sources with morphological evidence of a recent merger. Figure 7 shows the distribution of infrared-derived SFRs in bins of the tidal parameter tabulated by vD05. Distributions are presented both for the Boötes dry merger candidates and for a control sample consisting of the subset of the red galaxy sample with early type morphologies and no tidal features. Galaxies forming stars at a rate greater than about 1 M ⊙ yr −1 tend have a tidal parameter greater than 0. The observation that the mid-infrared emission is related to the tidal designation supports the hypothesis that the star formation is due to interaction-driven activity. In a GALEX study of these same sources, Kaviraj (2010) also found that the dry merger candidates with the bluest GALEX colors tended to show signs of tidal interaction. Additionally, Donovan et al. (2007) looked at HI data for galaxies that would fall into the dry merger sample, and found large reservoirs of gas. They find that 12/15 red rogues exhibit signs of tidal interaction. This is comparable to the fraction of red early-type galaxies found by vD05 to exhibit tidal features.
An alternative explanation is that gas expelled from AGB stars is already present in the dry merger candidates, and star formation is triggered by a merger, not fueled by one. Can AGB stars expel enough gas to fuel star formation? For a 10 11 M ⊙ old stellar population, 0.15 M ⊙ yr −1 is expected to be ejected by AGB stars (Mathews & Brighenti 2003) . Over a billion years, such a galaxy could accumulate 10 8 M ⊙ of gas, which is on the same order as what is observed. If this were the case, then we would expect that even the galaxies without tidal features should have evidence for gas, even if it has not been triggered to form stars.
CONCLUSIONS
We analyze the multiwavelength data available for vD05 dry merger candidates in the NDWFS Boötes field. We find:
• A significant fraction of the sources display midinfrared (24 µm) excesses over that expected from an old stellar population with the observed red optical colors.
• Based on the mid-infrared IRAC colors indicating the presence of PAH emission, this infrared excess is likely due to emission from dust heated by star forming regions, rather than AGN-heated dust or AGB stars.
• If the observed mid-infrared excesses are due to star formation, we estimate that a quarter of the Boötes dry merger candidates are forming stars at rates greater than 1 M ⊙ yr −1 . This represents a "frosting" of star formation on top of a well-developed old stellar population.
• Red early-type galaxies exhibiting tidal features are more likely to have star formation detectable in the mid-infrared than a control sample lacking tidal features. This implies that a frosting of star formation in elliptical galaxies may be triggered by tidal interactions.
• We estimate gas masses in the range (3-100) × 10 7 M ⊙ for the dry merger candidates detected at 24 µm and upper limits ranging from (3-20) × 10 7 M ⊙ for the dry merger candidates undetected at 24 µm.
• Based on the observed 24 µm emission, and assuming the Chary & Elbaz (2001) star-forming templates, we predict the 70 µm flux densities of the dry merger candidates. The predicted 70 µm flux densities are shown in Table 1 . Only three sources have a Spitzer 70 µm detection. For these three sources, the observed 70 µm flux density is a factor of 1.5-2 times greater than the template prediction. Nevertheless, these template predictions provide useful guidelines for future Herschel observations.
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